Caesalpinia sappan L. (Caesalpiniaceae) is a medicinal plant which is used as a thirst quencher in southern part of India especially in Kerala. The present study was conducted to scientifically evaluate the effects of extracts of Caesalpinia sappan on phagocytic function of macrophages. In vivo effect of aqueous, ethanol and hexane extract of the plant at two doses (10mg/kg body weight and 25mg/kg b.w.) were evaluated by oral administration of the extracts on Swiss albino male mice. In vitro immunomodulatory potential of the above extracts at different concentrations (10μg/ml, 25μg/ml, 50 μg/ml and 100μg/ml) 
Introduction
Immunomodulation refers to the suppression or stimulation of immune response. Several plant products and herbal drugs are known to possess immunomodulatory properties. They act by stimulating or suppressing both specific and non specific immunity. Many plants used in traditional medicine have immunomodulating activities. In South India especially in Kerala, water for drinking purpose is boiled along with pieces of roots, leaves or barks of some plants commonly called as thirst quenchers. These plants are reported to have many pharmacological effects. It is a general belief that the water decoctions of thirst quenchers can purify blood and can improve general health. It is also believed that regular consumption of this can improve body's defense mechanism.
Caesalpinia sappan is a species of flowering tree distributed in Asia, including Korea, China, India and Vietnam. It is a folk medicine due to its valuable anti-bacterial, antiinflammatory, emmenagogue and analgesic properties. It is also used for promoting blood circulation and removing stasis. The main component brazilin, is responsible for most of the biological effects of Caesalpinia sappan. Heart wood has been widely used as therapeutics and a colouring agent. The present study was undertaken to assess the immunomodulating activities of extracts from Caesalpenia sappan by analyzing their effects on phagocytosis, using both in vivo and in vitro models. 
Materials and Methods

Plant materials
Preparation of the Extracts
Heartwood of the plant was washed, shade dried, powdered and stored in airtight containers. The powder was subjected to soxhlet extraction using solvents of varying polarity, nhexane, ethanol and water. The solvent was removed under reduced pressure and the extract was stored at 4 o C until use.
Animals
Study was conducted in Swiss albino male mice (20-30g). They were maintained in animal house under standard conditions (temperature 25 ± 2 o C) and fed with standard pellet diet and water ad libitum. This study got clearance from institutional animal ethics committee (Approval number: B21032014-09).
Treatment protocol
The animals were divided into eight groups consisting of six animals each. Group I was of normal control which received phosphate-buffered saline (PBS). Group II received Levamisole at a concentration of 25 mg/kg body weight (positive control). Animals of group III, IV, V, VI, VII & VIII received 10 and 25 mg/kg b. w. of the three extracts of the plant (water, ethanol and hexane extracts dissolved in PBS) orally in volumes of 0.2 ml/day for 30 days.
Preparation of peritoneal mouse macrophages
One milliliter of 3% Brewer thioglycollate medium (Himedia, India) was injected intraperitoneally into mice as a stimulant to elicit peritoneal macrophages. Four days, later, the peritoneal exudate was collected by peritoneal lavage Licensed Under Creative Commons Attribution CC BY with 10 ml of RPMI-1640 medium (Himedia, India). The exudate was centrifuged at 400× g, 4 0 c for 10 min. The supernatant was discarded and the cell pellet was resuspended in RPMI 1640 medium. The cell number was determined by counting in a hemocytometer and cell viability was tested by the typan-blue dye exclusion technique (Zhang et al, 2008).
In vitro phagocytosis assay
Phagocytosis assay was performed according to Hay and West Wood (2002) with slight modification. Macrophages (2x10 6 cells/ml) were seeded in 24-well plate with a sterile glass cover slip and incubated for 2h in 5% CO 2 humidified incubator; then non-adherent cells were removed by washing in RPMI -1640 medium. The remaining adherent cells were cultured in RPMI -1640 medium and incubated for 24h with different concentration (10µg/ml, 25µg/ml, 50µg/ml and 100µg/ml) of the plant extracts dissolved in 0.1% DMSO in PBS. Lipopolysaccharide (LPS) at 5µg/ml was used as mitogen and 0.1% DMSO in PBS was used as a control. After incubation, the culture medium was removed and the wells were washed with fresh medium. One milliliter RPMI -1640 medium and 100µg/ml yeast suspension (10 8 particles/ml) were added to each well and incubated further for 1hr at 37 0 c in a 5% CO 2 humidified incubator. The wells were washed twice gently with culture medium after incubation. After washing, cover slips were fixed with methanol and then stained with Giemsas dye. The cover slips were removed from the well and inverted on microscope slides and observed under oil immersion (x100) objective. Phagocytic index was calculated by the following equation. Phagocyte Index (PI) = number of yeast cells phagocytosed by macrophages/no. of macrophages.
In vivo phagocytosis assay
The peritoneal macrophages were collected from treated mice. The remaining procedure was same as that for the in vitro phagocytosis assay.
Statistical Analysis
All the values were expressed as mean ± SD for six animals. Values for the in vitro assays were expressed as mean ± SD for independent experiments. Statistical significance was analysed using analysis of variance (ANOVA) followed by Tukey-Kramer Multiple comparison test. p values less than 0.05 were considered as significant.
Results and Discussion
Administration of Caesalpinia sappan extracts enhanced the phagocytic activity of murine peritoneal macrophages both in vivo and in vitro. A dose dependent response was observed in vitro and in vivo treatment. In in vitro effect of Caesalpinia sappan extracts on phagocytic activity of peritoneal macrophages is showed in Fig 3. All extract showed phagocytic modulation. At 100µg/ml concentration ethanol extract gave maximum phagocytic index followed by aqueous and hexane extracts.
The results of present study shows that Caesalpinia sappan have significant effect on non-specific immune response (phagocytosis). 
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Conclusion
The result of the present study show that Caesalpinia sappan had significant enhancing effect on phagocytic activity of macrophages. Since this effect was observed on oral administration of extract, it can reasonably be assumed that daily consumption of Caesalpinia sappan as thirst quenchers might have some desirable effect on host defense mechanism against infection and inflammatory diseases in which macrophages play important role. Further detailed studies will be helpful in elucidating the mechanism of immune-modulation by this plant. Studies on the effect of extracts of Caesalpinia sappan on the humoral and cellular immune function are in progress in our laboratory. 
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